Summary: Morphologic changes in the basal lamina of duodenal mesothelial cells during metamorphosis of Xenopus laevis were observed. In the prometamorphosis stage (Stage 56-59), the basal lamina was almost completely flat; the lamina densa of the basal lamina was a 50 nm layer of high electron density.
Summary: Morphologic changes in the basal lamina of duodenal mesothelial cells during metamorphosis of Xenopus laevis were observed. In the prometamorphosis stage (Stage 56-59), the basal lamina was almost completely flat; the lamina densa of the basal lamina was a 50 nm layer of high electron density.
In the early stages of metamorphic climax (Stage 60-62), the basal lamina showed occasional slight folding (stage 60), with the lapse of time, the folding became continuous and deeper. The development of an additional thin basal lamina was observed in areas where the folded basal lamina was separated from mesothelial cells, viz. on the side adjacent to the mesothelium. The lamina densa in this stage was approximately twice the thickness of the prometamorphosis stage and exhibited high electron density.
In the later stages of metamorphic climax (stage 63-66), the basal lamina just under mesothelium became more apparent. The folded basal lamina shifted from the mesothelium into the subserosa and gradually disappeared, and the basal lamina became a single layer. The thickness of the lamina densa was almost the same as in the prometamorphosis stage. Since the timing of the folding of the basal lamina coincides with the shortening of the digestive tract and the marked narrowing of the lumen, we suggest that physical changes in the digestive tract during metamorphosis may play an important role in these morphologic changes of the basal lamina.
The morphologic changes of the intestinal epithelium of Xenopus laevis during metamorphosis have been reported by Bonneville and Weinstock (1970) , Hourdry and Dauca (1977) and McAvoy and Dixon (1977) , and Kordylewski (1983) reported the changes in the thickness of the muscle layer and the morphologic changes of the smooth muscle cells. In addition to the aboves, Ishizuya-Oka and Shimozawa (1987a, b) and narrowing of the lumen (Murata et al., 1988 (Murata et al., , 1989 . In case the morphologic changes of basal lamina are related to physical changes such as shortening of the digestive tract or narrowing of the lumen, the changes shall not only be observed in epithelial cells, and we now report the changes in the basal lamina of the mesothelial cells concurrently observed when the basal lamina of epithelial cells shows changes during metamorphosis. These phenomena strongly suggest that the changes in basal lamina are caused by the physical changes in the digestive tract.
Materials and Methods
Adult Xenopus laevis were induced to mate by the administration of gonadotropin and tadpoles were raised from embryos at a water temperature of 20-22°C.
The stages of metamorphosis were determined according to the normal table of Nieuwkoop and Faber (1967) .
At each of stages 56-66, 5 tadpoles were anesthetized with chloretone and 2 mm of a segment located just posterior to the opening of the hepatopancreatic duct were removed. Samples were fixed for 1 hour in 1% tunnic acid • 23/4 glutaraldehyde in 0.07 M phosphate buffer (pH 7.2) at room temperature, rinsed for 20 minutes in 3% saccharose in the same buffer, postfixed (4°C, 1 hour) in 1% osmium tetroxide in the same buffer, dehydrated, and embedded in Epon. For light microscopic observation, approximately 1 pm thick sections were stained with 0.1% toluidine blue; for electron microscopic observation, ultrathin sections of both vertical and transverse sections were stained with uranyl acetate and lead citrate.
Stages 56-59 were classified as prometamorphosis, stages 60-66 as metamorphic climax (Etkin, 1968; Hourdry and Dauca, 1977 ) and further sub-classified into early (60-62) and later (63-66) stages.
Results

Prometamorphosis (Stage 56-59)
The serous membrane consists of thin mesothelium and subserosa, the basal lamina is found between the mesothelium and the subserosa. The basal lamina was almost completely flat in both vertical and transverse sections (Fig. 1) . The lamina lucida of the basal lamina was observed as a thin (approximately 50 nm) layer of low electron density, the lamina densa as an approximately 50 nm layer of high electron density next to the lamina lucida. Mesothelial cells were quite sparse and the subserosa was not yet well developed. The width between the basal lamina and the muscle layer was approximately 100-500 nm.
Early stages of metamorphic climax (Stage 60-62)
In stage 60, the lumen of the duodenal tract narrows, the diameter of the tract decreases and the intestine begins to short. In this stage, the basal lamina of mesothelial cells started to show occasional slight folding while mesothelial cells were flat (Fig. 2) . With the lapse of time, this folding became continuous and deeper in this stage (Fig. 3a) . The development of an additional thin basal lamina was observed in regions where the folded basal lamina was separated from mesothelial cells, viz. on the side where it is adjacent to the mesothelium (Fig. 3b) . At stages 61-62, we observed more complex folding of the basal lamina (Fig. 4) ; the lamina densa was an approximately 100 nm thick layer of high electron density, approximately twice the thickness noted in the prometamorphosis stage. Mesothelial cells were thicker than in the prometamorphosis stage and an increase of collagen was observed in the subserosa. The width of the subserosa between the basal on the Basal Lamina of Duodenal Mesothelial Cells 257 lamina and the muscle layer was 3 to 5 times thicker than that observed in the prometamorphosis stage.
Later stages of metamorphic climax (Stage 63-66) In stage 63, the basal lamina just under the mesothelium was more clearly apparent. The folded basal lamina had shifted from the mesothelium into the subserosa, and gradually disappeared (Fig. 5) . Mesothelial cells seemed to be more uneven and along them, the basal lamina became a single layer. The thickness of the lamina densa was almost the same as in the prometamorphosis stage, i.e. approximately 50 nm. In stage 66, the basal lamina became flat again (Fig. 6) , and mesothelial cells became thin, as was observed in the early stage of metamorphic climax. As metamorphosis progressed, the thickness of the layer between the basal lamina and the muscle layer became either almost the same, or double the thickness observed in the prometamorphosis stage.
Discussion
The normal basal lamina separating the epithelium from connective tissues has a flat, single-layered structure; in pathologic conditions such as diabetes mellitus it undergoes morphologic changes, e.g. multilayering of the basal lamina of the capillary endothelium (Vracko, 1974) . However, these morphologic changes of the basal lamina are not necessarily a pathological feature; they are commonly seen in normal tissues, although it remains unclear what induces these changes. Watson et al. (1988) observed them in the human mammary gland, Hermo and Dworkin (1988) in the intermediate region of rat seminiferous tubules, and Bell and Williams (1988) in the human foetal colon.
As the observed morphologic changes occur at the same time in the basal lamina of the serous membrane and the epithelium, they may be induced by common factors. Watson et al. (1988) posited that these changes may be effected by hormones, since complex branching of the basal lamina was predominantly seen in women in the periovulatory and the early luteal phase. Akimoto et al. (1988) reported that the basal lamina of chick embryo became uneven upon the administration of epidermal growth factor (EGF) and projected to the side of the dermis or became discontinuous due to severance. Hermo and Dworkin (1988) suggested that the convoluted appearance of the basal lamina in the intermediate region of rat seminiferous tubules is related to the functional and structural characteristics of this region: The convoluted structure of the basal lamina beneath transitional cells supports the papilla-like epithelium extending into the lumen and provides a scaffold for the epithelium. They also proposed that, as the internal pressure of the lumen increases due to marked narrowing, a kind of scaffold may be required to help counterbalance this increased pressure. On the other hand Bernfield et al. (1984) reported that collagen fibrils fail to accumulate at sites of rapid cell proliferation during morphogenesis of the mouse submandibular gland and proposed that such sites do not retain collagen fibrils. Ishizuya-Oka and Shimozawa (1987b) took, the thickening of the basal lamina granted as follows: In Xenopus laevis the thickening of basal lamina when cell rapid proliferation of epithelium begins. Therefore, collagen fibrils localized close to the basal epithelial surface become separated from the epithelium and this separation of collagen fibrils from epithelium caused by thickening of the basal lamina be related to the rapid proliferation of the epithelium.
While we cannot rule out the effect of factors such as hormones on the morphologic changes of the basal lamina during metamor-phosis, based on our observation that the basal lamina becames convoluted at the same time that the digestive tract becomes shortened and the lumen narrowed, we suggest that physical changes in the digestive tract during metamorphosis are the major contributing factors to the observed morphologic changes in the basal lamina.
Since the morphologic changes of the basal lamina observed in this study are similar to the phenomenon of highly folded basal lamina accompanied by atrophy of rat seminiferous tubules after hypophysectomy (Ross and Grant, 1968) 
